OBJECTIVE: To quantify the acute effect of the exercise-low-fat diet combination on energy balance compared with sedentarity and a high fat diet in overweight individuals. DESIGN AND MEASUREMENTS: We assessed the acute effect of exercise and ad libitum intake of low-fat foods on daily energy balance. Six heavy men participated in two randomly assigned sessions which required a 24 h stay in a whole body indirect calorimeter. Sessions were preceded by either a 60 min aerobic exercise at 50% V ? O 2 max or a 60 min rest. Subjects were fed a low-fat diet (mean FQ 0.89) after exercise and a mixed diet (mean FQ 0.85) after the resting period. RESULTS: The difference in energy balance between the two conditions was 7.3 MJ. About half of the effect was attributable to the energy surplus expended during exercise whereas the remaining fraction was explained by the difference in post-exercise energy balance. CONCLUSION: In heavy men, the combination of a low-fat diet and exercise has a strong acute effect on energy balance compared to a rest-mixed diet condition.
Introduction
There is a strong relationship in animals and humans between the ratio of food quotient (FQ) and respiratory quotient (RQ). 1 This implies that the composition of the fuel mix oxidized should be equivalent to the nutrient composition of the diet to allow protein, carbohydrate, and fat balance to be achieved and to maintain a stable body weight. 1 However, differences exist in the precision of the maintenance of each macronutrient balance. Indeed, protein and carbohydrate balances are spontaneously maintained under free living conditions, whereas substantial variations are seen for fat balance. In fact, fat oxidation does not seem to be acutely adjusted to changes in fat intake. Thus, it has been assumed that energy balance can be predicted by fat balance. 2, 3 This suggests that any approach aimed at treating obesity should be targeted to modify fat balance. 1, 3 A low dietary fat content as well as exercise are two non-pharmacological approaches which can modify fat balance. A reduction in the fat content of the diet has been shown to induce a decrease in ad libitum energy intake and body weight, 4 which agrees with our own research experience. 5, 6 Experimental evidence also reveals that post-exercise diet composition is an important determinant of the ability of exercise to favor a negative energy balance. 7 In the context of a weight reducing program, Kendall et al 8 demonstrated that a decrease in the fat content of the diet increased body weight loss.
Despite the fact that exercise is mostly used to increase energy expenditure, it is a useful mode of intervention to promote an increase in fat oxidation. 5, 9 We have also observed that there is a relationship between the ability of exercise to increase fat oxidation and its potential to in¯uence energy balance. 10 In a recent study, we combined low-fat diet and exercise to induce body weight and fat loss in obese women. The combination of these two approaches induced a substantial fat loss before achieving body weight loss resistance. 6 However, these results do not allow quanti®cation of the net impact of this combination on energy balance. In our ®rst trial to investigate this issue, we observed that low-fat diet combined with exercise induced an estimated negative energy balance of 6.4 MJ over two days in normal weight men. 7 The main purpose of this study was to further document this issue by assessing the acute effect of combining exercise and low-fat diet on daily energy balance in heavy men.
Subjects and methods

Subjects
Six healthy men gave their written consent to participate in this study. They were recruited in the Rouge et Or football team of Laval University. This sample was selected because these subjects were not expected to display any restriction regarding the ability to perform exercise. Moreover, we were con®dent that despite their overweight condition, subjects would not voluntarily restrict their total intake in the calorimeter. This was the main reason to select these subjects instead of obese individuals who would have been susceptible to spontaneously restrict their intake under conditions of nutritional behaviour assessment, as revealed by our clinical experience.
Subjects were aged 23.4 AE 1.9 y (X AE s.d.). Their physical characteristics were as follows: body weight 108.5 AE 12.4 kg; height 175.4 AE 28.4 cm; fat mass 22.9 AE 7.3 kg and percentage body fat 20.0 AE 4.4%. Their maximal oxygen uptake corresponded to 47.9 AE 3.3 ml Á kg body wt 71 Á min 71 .
Protocol and measurements
A testing session was performed before the initiation of the experimental protocol to measure maximum oxygen uptake ( VO 2 max) and body composition. VO 2 max was determined by an incremental treadmill exercise test to the point of exhaustion using an automated open circuit gas analysis system. Percent body fat was estimated from body density 11 which was determined with the underwater weighing technique. The helium dilution technique was employed for the determination of residual lung volume which was performed before the hydrostatic weighing measurement. 12 The experimental protocol was designed to compare the acute effect of two lifestyles on energy balance. Each subject participated in two randomly assigned sessions which began with a standardized breakfast and was followed, 4 h later, by a 15 min resting period preceding a 15 min resting metabolic rate (RMR) measurement by indirect calorimetry. After the RMR measurement, there was a 60 min period of either rest (rest-mixed diet session) or treadmill exercise at 50% VO 2 max (exercise-low-fat diet session). Intensity of exercise was maintained by adjusting the slope and the speed of the treadmill according to measured oxygen uptake ( VO 2 ). Both sessions ended with a 24 h stay in a whole body indirect calorimeter, in order to assess daily energy expenditure. Procedures of testing and the reproducibility of measurements were recently described. 13 Sessions were separated by one to two weeks. We also made sure that subjects maintained a stable body weight and body composition during the whole protocol.
There was no predetermined activity schedule in the chamber but subjects remained sedentary. They were fed by the laboratory supervisor and were allowed to eat ad libitum, as previously described. 5 Food was weighed before being served and remains were reweighed in order to assess the exact quantity of food spontaneously ingested. Snacks were available and were also precisely recorded. During the chamber session, subjects were served either a low-fat or a mixed diet. During the exercise-low-fat diet condition, the FQ of all foods served was ! 0.85 whereas it was 0.85 during the rest-mixed diet condition. We were aware of the fact that the use of a con®ned environment such as a respiratory chamber to determine the acute effect of low-fat diet and exercise is not fully representative of free living conditions. However, the only method that is currently available to precisely quantify energy and macronutrient balance under conditions which reasonably mimic free living conditions is the indirect calorimetry chamber.
Statistical analysis
Paired t-tests were performed to compare the two sessions for total energy expenditure, energy and macronutrient intake, and energy and macronutrient balance, using the JMP software package (SAS Institute Inc.). All results are expressed as means AE s.d.
Results
As shown in Table 1 , daily energy expenditure was slightly higher after the exercise-low-fat diet condition compared to the rest-mixed diet condition but the difference was not signi®cant (12.6 AE 1.2 vs 12.1 AE 1.1 MJ). Nevertheless, ad libitum daily energy intake in the chamber was considerably greater than energy expenditure but this overfeeding was less pronounced during the exercise-low-fat diet condition ( Table 1) .
The difference in energy balance between the two sessions was established by summing up the energy cost of exercise above resting level and the differences in daily energy intake and expenditure measured in the chamber ( Table 2 ). The increase in energy expenditure due to the energy cost of exercise above resting level was of 3.8 MJ (920 kcal). The increase in postexercise daily energy expenditure (post-exercise 24 h energy expenditure minus control 24 h energy expenditure) was 0.5 MJ (120 kcal) even if the activity inside the chamber was not statistically different between sessions. Finally, the difference in daily energy intake between the two conditions corresponded to 3.0 MJ (727 kcal). The sum of these three parameters considered as equivalent to the difference in energy balance was 7.3 MJ (1767 kcal). Table 3 presents macronutrient and energy balance in both conditions. Carbohydrate and protein balance were not different between conditions. In contrast, fat and energy balance were signi®cantly greater after the rest-mixed diet session, which was mostly due to the higher fat content of the diet.
Discussion
Our previous laboratory investigations have shown that an increase in the fat content of the diet is associated with an increase in daily energy intake which may vary between 1 and 4 MJ. 5, 14 We have also demonstrated, with normal weight subjects, that exercise may acutely induce a negative daily energy balance of the same order provided that the postexercise diet has a low fat content. 7, 15 This suggests that the combination of exercise and low-fat diet might induce a substantial negative energy balance in overweight individuals. To investigate this issue, we recruited six healthy men displaying moderate to high adiposity.
Since the effect of dietary fat intake and exercise on energy balance and its components have already been tested separately, we tested the combination of these two factors on daily energy balance. Energy balance was calculated by the sum of the three following variables: (a) the surplus of energy expended during exercise (above resting level); (b) the difference in post-exercise daily energy expenditure compared to the rest-mixed diet condition and; (c) the difference in daily energy intake compared to rest-mixed diet condition. As shown in Table 2 , the impact of the exercise-low-fat diet combination on energy balance was strong since it differed by about 7 MJ from the value observed in the rest-mixed diet condition. Such a treatment effect is unlikely to be observed in all obese individuals. However, the results showed that a combination of prolonged vigorous exercise and lowfat intake respecting dietary guidelines exerts a strong acute effect on daily energy balance.
Our previous studies showed that under free living conditions, a substantial reduction in relative dietary fat intake is associated with a decrease in daily energy intake. 5, 14 In the present study, the main objective was to perform precise laboratory measurements to determine the acute effect of an exercise-low-fat diet combination on daily energy and macronutrient balance. We also tried to test subjects under conditions being as representative as possible of free living conditions. The results showed that testing spontaneous energy intake in a con®ned environment such as a respiratory chamber favors overfeeding. In a recent study, Tatarani et al 16 experienced the same dif®culty when they measured ad libitum energy intake in a metabolic ward using vending machines. Indeed, they observed a considerable increase in daily energy intake under both the control and the experimental conditions and they derived the treatment effect on energy balance by calculating the difference in energy balance between the two conditions. In our study, there is no reason to believe that factors promoting excess energy intake in the chamber exerted a different effect in the two conditions. We are thus con®dent that the difference in energy intake between the two conditions was representative of what would have been observed in free living conditions. Further progress pertaining to the study of this issue will depend on technological development. Up to now, no method allows precise measurements of energy as well as macronutrient balance over short periods of time.
This study provides some clinically interesting data. The results demonstrated that the adherence to a healthy lifestyle has the potential to induce a sub- Exercise, low-fat diet energy balance I Dionne et al stantial energy de®cit if exercise is performed on a regular basis and low-fat diet is also maintained. This long term effect will probably be progressively decreased because of the diminution of fat oxidation that occurs with fat loss. 17 
Conclusions
In summary, this study showed that the combination of low-fat diet and aerobic exercise has a strong in¯uence on energy and macronutrient balance in comparison to a sedentary lifestyle accompanied by a mixed diet. About half of the effect was explained by the excess energy expended during and after exercise whereas the remaining part of the energy de®cit was due to the impact on post-exercise energy balance.
